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ABSTRACT 


The  investigations  of  lihf  and  microwave  transhorizon  radio 
pr-^pagation  carried  out  under  this  contract  are  summarized  briefly. 
These  include  studies  of  fading,  of  wavelengtn  dependence,  of 
median  diversity  effect,  or  anomalous  propagation  over  irregular 
terrain,  and  of  information  theoretic  analysis  of  tropoacatter 
circuits.  The  greater  portion  of  this  report  is  devoted  to  those 
experiments  most  recently  completed,  which  were  aimed  specifically 
at  the  determination  of  wavelength  dependence  in  the  1-10  6c/s 
range,  of  the  variability  of  this  dependence,  and  of  its  relation, 
if  any,  to  large-scale  weather  patterns. 

It  is  concluded  that,  for  the  path  involved,  the  wavelength 
dependence  of  excess  propagation  loss  does  vary,  in  a  seemingly 
erratic  manner  from  day  to  day  and  week  to  week  and  in.  a.  more 
consistent  ,:z.i  <easonally.  On  the  average,  the  higher  frequencies 
are  more  favored  in  summer.  Unfortunately,  the  raeteorplogical 
data  with  v/hich  the  radio  r'esults  have  been  correlated  are  not 
of  fine  enough  resolution,  spatially  or  temporally,  to  provide  - 
much  insight  into  the  connection  between  air  mass  structure  and 
the  propagation  mechanism. 

It  is  also  concluded  that  the  short-term  median  signal 
levels  on  ad;)acent  paths  of  a  space  diversity  system  may  vary  in 
an  uncorrelated  ^aanner,  but  that  this  variation  is  considerably 
less  than  that  between  circuits  widely  separated  in  frequency 
on  the  same  path. 
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Finally,  two  recommendations  are  made.  One  pertains  to 

A 

further  studies  directed  principally  at  the  communication  problem. 

The  other  proposes  continued  investigations  for  geophysical  purposes. 

!  ^ 
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s 
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A.  Introduction 

This  project  has  focussed  on  two  general  objectives:  (i) 
to  increase  our  knowledge  of  the  characteristics  of  uhf  and  micro- 
wave  radio  signals  propagated  beyond  the  horizon,  and  (ii )  to 
study  the  microscale  meteorology  of  the  troposphere  and  its  rela¬ 
tion  to  synopcic  meteorology.  Our  approach  to  the  first  of  these 
objectives  has  involved  transmission  of  kncwn  signals  over 
representative  transhorizon  p''*'hs  and  analysis  of  the  signals 
arriving  at  the  receiving  terminals.  In  particular,  the  dependence 
of  propagation  loss  (in  excess  of  the  free-space  value)  on  frequency, 
time,  and  position  (relative  receiver  location)  has  been  investi¬ 
gated  experimentally,  and  the  problem  of  the  communication 
capacity  of  such  a  stochastically  variable  channel  has  been 
studied  theoretically.  The  second  objective  has  been  achieved, 
through  the  same  experimental  work,  using  the  beams  of  radio 
waves  as  probes  with  which  to  explore  the  fine  structure  of  the 
atmosphere  (by  interference  techniques).  Subsequently  a  search 
has  been  made  for  evidence  of  some  relation  between  this  measured 
atmospheric  structure  and  large-scale  weather  features,  as 
determined  by  conventional  meteorological  sounding  techniques. 

Theoretjcal  and  experimental  investigation  of  the  fading 
character  of  transhorizon  signals  and  of  the  manner  in  which  these 
rapid  fluctuations  are  influenced  by  winds  along  the  path  was 
detailed  in  Scientific  Report  No.  1.  Initial  theoretical  study 
and  analysis  as  to  wavelength  dependence  was  presented  in 
Scientific  Report  No.  i.  This  led  to  further  experimentation 
aimed  specifically  at  the  determination  of  mean  wavelength 


dependence  and  the  variability  of  this  dependence.  Report  No.  2 
had  indicated  trends  that  might  be  expected.  As  well  as  collecting 
valuable  empirical  results,  it  was  intended  that  this  further 
experimentation  should  test  these  predictions.  The  present 
report  is  concerned  with  the  conduct  and  results  of  these  more 
recent  measurements. 

In  carrying  out  this  work  it  has  been  possible,  and  indeed 
necessary,  to  investigate  several  related  phenomena.  One  of 
these,  the  so-called  median  diversity  effect,  pertains  to  varia¬ 
tions  in  the  shortterm  mean  signal  received  on  a  single  frequency 
at  spaced  antennas.  An  account  of  this  work  is  contained  in  the 
present  report.  Intense  diurnal  variation  of  mean  received 
signal  observed  during  summer  days  has  also  been  studied.  The 
associated  anomalous  propagation  of  radio  waves  over  irregular 
terrain  has  been  analysed  extensively  and  related  to  local 
meteorological  processes  in  Scientific  Report  No.  Scientific 
Report  No.  5  gave  details  of  the  development  and  application  of 
an  amplitude  distribution  analyser  that  was  used  in,  this  work. 

The  problem  of  information  transmission  via  a  scatter  channel 
was  considered  at  some  length.  The  (stochastic)  transfer  function 
for  such  a  circuit  was  investigated  theoretically  in  Scientific 
Report  No.  5* 

In  the  sections  that  follow  the  theoretical  basis  for  these 
more  recent  measurements  is  reviewed,  the  experimental  and  cali¬ 
bration  equipments  and  the  field  installations  employed 


are  described,  performance  af  the  actual  experlraepts  Cfs, 
and  the  resulting  data  are  presented,  .  analysedii  and.  b,o|ip|i!ed' 
with  meteorological  records,  ;  V.-CV^  ' 

■■■Xr  " 

B,  Theoretical  Basis 

- r  -T  ■  .  -  -  -  -  .  '  '  ^ 

In  trahshorizon  radio  propagatiouj.  when  thp.  p|?fe,cts;  df; 
refraction  have  been  accounted  for  (by  a  mpd’ifipatibh^^P^ 
curvature),  the  average  power  roceivsd,,  reiative  tprli 
path,  is  given  by  (Wheelon,  1959.)  - 

•  -  -  ^  .  g  ^  . .  - 


In  this  expression  is.  d  constanti!  d  id  the  ,patd  le?^^& 
the  wavelength,  and  g-  are  the  normaMded' trahsn^^^^  - 

receiver  antenna  gain  fimctions.  (including,  grpiuid;  i»eT'i,ect.ipd : 
effects  ),  R  and  R.  are-  the  ranged  from;  transmitter  aM"  receiver’ 
to  the  element  of  volume  dv.,;J^^  Is  the  spectral,  d’es.cripti'qn:  of 
mean-square  refractive  index  deviations,  at  dv,  and  .the.  wave  . 
number  k,  at  vfhichJ"j.^  is  to  be  evaluated,  is.  dptern^ned  ;by.  tlie 
geometry  and  A.  The  magnitude  of  Ic  is  given  by 

k  =  — -sing;..,  .51; ,  ■  .,(2) 

where  0  is  the  angle  between  incipient  and  scattered. propagation; 
vectors,  and  the  direction  of  k.  is  >deternjined' by  the:  exterior 

'  y  '  ..-At’ 

bisector  of  those  two  propagation 'vectors,  Thfe.  .integration. 


4. 


extends  over  all  space,  although  the  principal  contribution  is 
made  by  the  so-called  common  volume,  the  intersection  of  the 
transmitting  and  receiving  antenna  beams  (above  the  horizon  rays). 

In  the  derivation,  of  (l)  it  is  assumed  that  multiple 
scattering  plays  a  secondary  role  in  this  mode  of  propagation. 

This  certainly  is  not  always  the  case:  but,  under  most  circum¬ 
stances,  for  most  portions  of  the  troposphere,  primary  scattering 
is  itself  so  minute  that  higher  order  effects  may  safely  be 
neglected. 

Since  the  refractive  index  spectrumj^^^  is  not  only  a  function 
of  k,  and  thus  of  wavelength,  but  also  varies  in  intensity  from 
one  part  of  space  to  another,  and  with  time,  it  is  important, 
if  one  is  to  study  the  wavelength  'dependence  of  transhorizon 
propagation  by  analysis  of  sigpais  on  several  frequencies,  that 
measurements  be  made  simultaneously  and  that  the  antenna 
patterns  g^  and  g^  be  closely  alike  on  the  various  frequencies. 

The  latter  requirement  may  be  realized  by  using  similar  antennas, 
scaled  to  t,ie  wavelength,  thus  insuring  identical  free-space 
patterns,  and  by  scaling  the  heights  of  the  antennas  above 
uniform  foregrounds  for  which  the  reflection  coefficients  are 
the  same  at  all  frequencies.  This  would  provide  an  identical 
weighting  function  for  every  elemental  volume  dv^  independent  of 
frequency,  leaving  A  the  only  variable  in  (l). 

In  practice  it  may  not  be  convenient  to  scale  the  heights 
of  the  antennas.  Failing  to  do  this  is  not  so  serious  as  may 
at  first  be  presumed.  It  leads  to  differenv;  fine  structure  in 
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the  weightj.ng  functions  but  does  not  'disturb  the  oyerail  enyeld'p'^s!, ' 
If  average  results  only  are  sought ^  transpdi^t  of  th^  medihmj  and 
thus  of  regions  of  more  or  leas  intense^'j^,  through  \the,  antenna 
patterns  by  prevailing  winds  will  tend  to  '\smeai*”  the.  contribu- 

■X  ,  . 

tions  and  equalize  the  results:,  ^ 

The  experiment  here  reported  has>  therefore^  cohsisfeed; 'Of 
the  simultaneous  transmission  from  a  single’  site  of  signals  of 


unvarying  intensity  on  three  frequencies  spanning  a  rO;:l  range 
(840  mc/s,  2800  mc/sj  and  9100  mc/s).  Both,  trahs.raittirjg  ^ahd,' 
receiving  antennas  have  been  scaled  to  wavelength,  thts  producing 
approximately  equal  beamwidths  so  that  all  channels  '‘.lo^ok"  at 
the  same  portion  of  the  atmosphere.  Variations;  ,p.f  mearii  received 
power  on  one  wavelength  relative  to  another  are-j,  cohseq'uently. 
Indicative  of  variations  in  scattered  energy  .alona  apd  therefore 


of  variations  in  the  structure  of  the  refractive  index.  . Measure¬ 
ments  necessary  to  the  accurate  determination  of  dlffei^enc;as:  in 
the  excess  propagation  loss  have  been  made  and  this  ^s;^^ 
done  reliably  and  consistently  over  a  sufficiently  lorig  ;pefipd 
of  time  to  experience  wide  variations  in  large -scaie.;wM^t her 
conditions . 

Excess  propagation  loss  (1^)  is  h§i*e  defined,  aa  the  ratio 
of  power  density  (Wr^^ )  that  vfould  exist  in  the  a^ftard  pf  ^a 
receiving  antenna,  were  the  entire  experiment  cohductfd  ih;  free 
space,  to  the  power  density  actually  observed  (Wr  ),  expressed 
in  db.  Predictions'  as  to  the  form  Pf  indicate  diffafehcds  in 
L  of  only  lOdb,  or  so.  Considerable-<affWt  haS  had" to  ’be 
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ejcpended,  therefore,  in  order  to  insure  that  experimental  and 
calibration  errors  not  overshadow  the  effects  being  sought. 

C.  The  Experimental  System 

These  experiments  have  been  conducted  over  irregular  terrain 
in  central  New  York. 

1.  The  Path 

The  map  of  Figure  1  shows  the  location  of  the  path  and 
its  terminals  in  the  Finger  Lakes  region.  The  path  length  is 
approximately  108  km  with  the  transmitters  placed  at  Hathaway 
Hill,  near  Rochester,  and  the  receivers  at  the  Tompkins  County 
Airport,  near  Ithaca.  The  true  transhorizon  nature  of  this 
path  is  depicted  by  the  profile,  shown  in  Figure  2,  which  has 
been  drawn  to  a  4/5  earth  radius  to  account  for  standard  refrac¬ 
tion.  The  deep  lake  valleys  crossing  the  path,  as  well  as  the 
rather  steep  intervening  hills,  produce  considerable  effect  on 
radio  propagation,  especially  on  clear  summer  nights. 

This  phenomenon  has  been  studied  and  reported  separately 
in  Scientific  Report  No.  4.  It  is  mentioned  here  only  for  the 
reason  that,  as  a  consequence  of  these  effects,  it  has  been 
necessary  to  restrict  observations  for  the  experiments  discussed 
in  this  report  to  the  hours  between  1000  and  l600,  thus  insuring 
that  the  principal  mechanism  responsible  for  the  received  signals 
was  the  i'^regular  refractive  index  structure  in  the  common  volume, 
not  diffraction  or  some  anomalous  process. 
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2.  The  Overall  System 

Figure  3  is  a  block  diagram  of  the  entire  experimental 
system.  It  shows  not  only  the  transmitters  and  receivers  for 
each  of  the  three  wavelengths  05»7  cm,  lOvf  cm,  ahd. .cm)y 
but  also  the  second  set  of  receivers  on  S-and.X-bahd,.,  ior  the 
study  of  median  diversity,  and  the  field  strength  meter  that 
was  employed  for  overall  transmitter  calibrations. 

3.  The  Antennas 

The  transmitting  and  receiving  anter^a,  instailatibhs 
are  shown  in  Figures  4  and  5  respectively-.  The  fact,  that  .the* 
transmitting  antenna  heights  were  inverse  to  wavelength  was, 
in  fact,  a  consequence  of  structural,  considerations,.  iNdnetlielesS, 
•  the  nature  of  the  foreground  (very  irregular )  ahd^  .of'  the  h6riibh 
(a  distant  ridge)  suggest  that,  in  order  1 9  equalize' iliu^natibn 
in  the  region  beyond  the  horizon-  and'  beneath  the  'horizon  plahe,;, 
the  shortest  wavelength  system  should  radiate  from  the  higiies^ 
point. 

At  both  ends  of  the  system  28  ft  flberglas  (copper  coatied) 
parabolic  dishes  were  employed  at'' 84-0  rac/s,  10  ft  aluminum  dishes 
at  28OG  mc/sj  and  4  ft  aluminum  dishes  at;  9100  mc/s.  -Qh  the^^wo 
longer  wavelengths  the  measured  beamwidths  were  very  nearly 
identical  at  2.3^.  However,  on  X-band  it  wa's  necessary  to 
defocus  the  feeds  in  the  4  ft  dishes  in  prder  to  achieve  iiiis  . 
beamwidth.  All  of  the  X-^band  antennas  were  operated  in  this  \ 
defocused  condition  during  these  experiments. 
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The  antennas  were  aligned  with  the  aid  of  the. field  strength 
meter  (at  the  transmitter  site)  and  of  auxiliary  sources  (at  the, 
receiver  site).  These  instruments  were  placed  on-path  in  the  fore¬ 
ground  (but  definitely  in  the  far-fl'eld)  of  the  antennas.  The 
test  locations  were  carefully  surveyed  to  insure  accuracy  of 
alignment.  In  elevation  all  antennas,  were  normally  operated 
with  their  boresights  on  the  horizon. 


4.  .System  Calibration 

Since  the  primary  purpose  of  these  experiments  was  the 
determination  of  excess  propagation  loss  (L  ).,  and  its  variation 
with  time  and  with  wavelength,  there  was  no  need  to  measure 
absolute  r-f  power  levels,  either  transmitted  or  received..  It 
was  necessaiy  only  to  measure  received  power  density  on  each 
frequency  relative  to  the  same  standard  in  terms  of  v/hich 
radiated  power  from  the  corresponding  transmitter  was  determined. 
This,  was  accomplished  by  ixsing  a  standard  signal  generator  as 
the  reference  on  each  band. 

The  appropriate  generator  was  set-up  in  the  far-field 
foreground  of  a  given  receiving  antenna  so  that,  when  connected 
to  a  simple  test  antenna  of  carefully  measv.red  gain,  the  power 
density  in  the  aperture  of  the  receiving  antenna  could  be  accurately 
calculated.  In  this  v/ay  the  receivers  were  calibrated  for 
operation  as  relative  power  density  meters. 


.  -  -■  9- 

A  highly  stable  field  strength  meter  was  calibrated;  (!on;, 
each  band)  against  these  same,  standard  Signal/generatpi^s  ,^dj  was 
then  placed  in  the  far-field  foreground  of  the;  ^transi^ttlhg 
antennas  (on  the  first  r^dge  in  front  of  the  transmitter  .;site,- 
noted'by  a  “f*  on  the  path  profile).  The  same  test  anterma's  vrere 
employed  as  those  used  at  the„  receiver  site.  Iri  thia  ;Way>  pri 
what  constituted  a  line-of-sight  path  with  hegliglbiti  grpund' 
reflections^,  it  was  possible  to  determine  the  radiated^  power 
on  each  frequency  relative,  to  that  same  reference  source  against 
which  the  corresponding  "power  derislty  meter"  at  the  receiver 
site  was  calibrated. 

5.  The  Transmitters  ' 

— - - — - - - 

The  bransmitters  were  operated:,  and.  maintained;  by  the 
Stromb erg -Carl son  Division  of  .General  jPynamics/^ie,ctrphic;^>v;  '<undef 
subcontract.  Figure  6a  shows  the  1^'  transniitterj  the  vyidep" 

A  ^  ^  'V, 

'  O  • 

portion  of  an.  RCA  TTU-IB  television  tfansmitter>  pperated^ln  a 
tone -module  ted  (2kc/sj  25^)  mode  at  500=  w. average  carrier  power. 

The  frequency  of  this  transmitter  w^s-,  of  course,,  ci^stai.  controlled 
The  S-and  X-band  transmitter  shown  in  Figure  6t  was  part-^pT  ^a" 
GiHlIlan  Ah/MPN-l  QGA  radar  system.  Magnetrona  •prbyide.d /the  rrf 
power,  nominally  JOw  and  55w  average  at  2800’ mc/s  and  §100  mc/s 
respectively.  These  outputs  were  pulse  modulated  at  a. crystal- 

f  'V 

controlled  prf  of  2G40  c/s  with  a  measured  puls'e;  duration  of  0.7  I4s. 
Both  transmitters  were.  Conelrad  .protected  to  Insure*  their 
immediate  removal  from  the  air  in  the  event  of  a  defense  alert. 


The  level  of  r~f  output  to  the  antenna  transtriission  line 
(wave-guide)  was  checked  at  least  twice  a  day  on  each  frequency;;;.'' 

No  attempt  was  made  to  attach  absolute  significance  to  these 
measurements.  They  were  used  only  for  dally  correction  of  the 
radiated  power  measurements  made  by  means  of  the  field  strength 
meter  (described  at  the  end  of  the  preceding  section).  A  built- 
in  output  power  meter  in  the  TTU^IE  was  used  to  make  these  daily 
calibrations  on  TJHF.  On  S-and  X-bands  directional  couple  'S 
and’  an  hp  4^0  C  microwave  pOv/er  meter,  with  an  hp  A77  B  wide¬ 
band  thermistor,  were  used.  .  Except  when  tubes  were  replaced 
or- when ^specific. changes  were  made  in  supply  voltages,  or  the 
like,  these  daily  calibrations  showed  negligible  variation  in 
r-f  power  output  on  all  bands  throughout  the  course  of  these 
experimehts', 

6.  yhe  Receivers 

'  The-  UHF  signal  was  received  on  a  superheterodyne  receiver 
consisting  of  a  diode  mixer  and  crystal  controlled  local  oscillator, 
a  narrow-band  cascode  i-f  preamplifier-filter  (200  kc/s  bandwidth), 
a  Idgarithmic  i^f  amplifier,  and  an  integrating  d-c  vacuum  tube 
bridge  driving  the  recorder.  The  dynamic  range  of  the  logarithmic 
amplifier,  one  of  several  built  specifically  for  this  work, 
was  in  excess  of  60db. 

The  S-band  and  X-band  signals  were  received  using  portions 
of  the  Gilfillan  AN/MPN-1  radar  equipment  as  shown  in  Figure  7. 

The  full  HPN-1  receivers  were  employed,  one  for  each  antenna  on 


each  frequency.  Between  the  m3;;xer— 1-f  preamplifier' and.  Ihe'c 

;  ,  .  ‘  ^  .  j;;.  'f 

main  i-f  ampilfier  a  si^ltch-type  coaxial,  ai^erinator- wa^:  in§e^le<3A 

.  .  '  -  '  '  '  "f'  '  ■ 

which  was  used  as  an  accurately  calibrated^tgain  cphtrolir 

level  of  video  output  ;(20ifQ  c/s  puise  trainsr)^  f rom.  .eahh 

receiver  was  measured  by  an  integrating,  a^c  vacUuni  ifejibe  y6ltmiter.> 

preceded  by  a  narrowband  2GH^0  c/s  fiil;.er'  .(l}5  c/s'  baridwldthj/  :In 

addition  the  signals  from  one  S-band  and  one  Xrbahd  anterma';  were- 

fed,  following  the  mixer — 1-f  .preamplifiei*s^^.'i;;p.  Ipgafiih^n^i 


amplifiers.  These  units  drove  integrating,  ;peak-&eading-  a- c  . 

w  -  \  '  "'c  O 

vacuum  l*ube  voltmeters,  -  >  > 

Integration  time  constants  of  3P  seconds  on;  0^bapd  .and  ^ 
minutes  on  S-band  and  DHP  were  used  to  remdve  .most  pfrthe;:  T^pid  • 

;;  .*0  .  V  "  ' 

fading  of  the  signals.  Inasmuch  as  average  yalues,  of  prpj^ga^^^ 
loss  only  were  sought  in  these  experiments,  such  electronic?-  : 
integration  was  considered  suitable;.  ,  ,  .  c.-.-  -.,'" 

^  ,.''s  -■ 

The  response,  characteristic  of  pach  cotnpietetre.ceiying  ^  \ 
system  (mixer, input  to  Esterline  Angus,  graphic  mliliamete^V.was  ' 
checked  periodically  and  detertnihed;  anew  afte^  P40h  egulpinent ^ 


change  or  tube  replacement.  Each  day  that  the  reCelyers'^efe.. 
used' a  calibration  vfas  made  Of  Overall  gain.  This  wasi-accpmpl 
by  supplying  a  test  signal  at  the  mixer  .inputs  vyia:  a  directional 
coupler,  and  determining  the  intensity  required-'  to  produce  S;  -i  "  " 

reference  output  Indication..  The  signal,  generators '.employed  ' 
for  thiL  purpose  (GH-1021AU  on.  UHP,  Navy  XAG  on  S^band,  .and:  hp. 

62t  C  pn  X-band)  were  semi-permanently  installed,  together  with 
the  necessary  cables  (waveguides),  and  .were  jrodi^ated  so. :as  to 
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reproduce*  ao  rioarjy  as  poaolble  the  character! at Iru.  of  the 
tranomittod  oiKnala.  In  thin  way  changes  of  syotom  gain  from 
day  to  day,  aa  a  conoequence  of  tube  aging,  voltage  variations, 
or  other  changes,  wore  accounted  for.  Such  dally  calibrations 
were  used  to  correct  the  calibration,  as  a  relative  power 
density  meter,  of  each  overall  receiving  system.  Once  again, 
no  attempt  was  made  to  achieve  absolute  calibrations. 

D.  The  Measurements 

Some  preliminary  data  were  collected  In  the  fall  of  19t>9 
and  in  the  spring  of  I960  on  X-and  S-band,  The  principal  experi¬ 
ment,  however^  was  conducted  from  August,  i960,  tlirough  July,  196I. 

1 .  Eerlo^lo  of  Data  Collection. 

Throughout  this  twelve-month  period  the  entire  system 
was  operated  continuously  for  two-day  Intervals  each  week,  from 
approximately  OB;i.O  Thursday  to  15;50  Friday,  except  during  the 
rnontii  of  December,  and  in  early  January,  when  equipment  malfunction 
necessitated  shut-down.  Unfortunately,  In  the  winter  months 
(December  through  March)  the  excess  propagation  loos  (L^)  on 
X-band  was  yo  great  that  only  occasionally  did  the  received 
signal  exceed  the  noise.  Consequently,  thie  data  for  this  portion 
of  the  year  are  biased  in  favor  of  those  (meteorological )  situa¬ 
tions  conductive  to  somewhat  enhanced  (relatively)  X-band  propa¬ 
gation. 

Considerable,'  effort  woo  expended  in  the  development  of  a 
I)oot -detection  correlation  reception  technique  to  combat  this 
signal-to-nolse  limitation  and  preliminary  teats  in  the  fall  of 


1^1  showed  promise  of  success.  Hov^ever,  the  contract  wab 
terminated  before  the  system  could  be  perfected.  As  a.  result, 
no  useful  data  were  collected  by  this  means. 

As  noted  previously  nighttime  signals  Were  often  appreciably, 
enhanced,  especially  during  the  summer.  This  has  been  attributed 
(see  Scientific  Report  No,  4)  to  locally  peculiar  anomalous 
propagation  conditions.  For  this  reason  only  those  portions  of 
the  data  deriving  from  mid-day  operation  (1000  to  l600)  have 
been  included  as  part  of  the  experiments  that  are  the  subject 
cf  this  report. 

2 .  Operating  Procedure 

At  least  twice  each  day  of  operation  the  generated 
power  levels  at  the  transmitters  were  measured  and  recorded  in 
the  station  log.  Similarly,  before  and  after  each  two-day 
run  the  gain  of  each  receiver  xvas  checked  as  described  in 
Section  0.6.  These  calibrations,  together  with  periodic  time 
marks  and  the  settings  of  the  receiver  switch  attenuators  (gain 
controls)  \iere  recorded  directly  on  the  charts  of  the  gr-aphic 
milliammeters.  The  X-and  S-band  receivers  were  also  checked 
periodically  for  timing  of  their  local  (klystron)  oscillators 
and  for  on-scale  deflection  of  their  output  recorders. 

In  several  specific  instances,  with  all  receivers  carefully 
aligned  and  calibrated,  the  short-time  average  power  density  was 
observed  to  decrease  at  one  of  the  receiving  antennas,,  on  a  given 
frequency,  at  the  same  time  that  it  was  increasing  at  the  other 


antenna.  Such  diverging  trends  continued  for  10  minutes  to  a 
half-hour  at  a  time  and  occasionally  resulted  in  as  much  as  5  db 
difference  between  the  mean  (or  median)  levels.  The  operating 
personnel  were  on  the  lookout  for  cases  of  this  nature  and  made 
special  note  of  them  on  the  recorder  charts^  when  such  instances 
were  observed  and  verified  by  checks  to  insure  proper  alignment 
of  all  components. 

Other  than  for  tuning  and  gain  adjustments  the  system  ran 
without  attention,  all  pertinent  information  being  recorded 
directly  on  the  graphic  milliammeter  charts.  The  only  additional 
information  required  for  the  calculation  of  L  values  vras  the 

XT 

receiver  response  characteristics,  the  transmitter  power  levels, 
and  the  far-field  calibrations  of  both  the  receivers  and  the 
transmitters . 

^ •  Calibrations 

As  mentioned  in  Section  0,6,  the  receiver  response 
characteristics  were  checked  regularly.  Test  signals,  the 
levels  of  which  were  varied  in  2  db  steps,  were  supplied  to  the 
receivers  and  the  output  levels  recorded.  This  was  repeated 
for  various  settings  of  the  gain  controls  (switch  attenuators). 
These  response  cur-ves  were  subsequently  plotted  and  used  in  the 
reduction  cf  uhe  data. 

Far-field  calibrations  were  performed  approximately  every 
two  months,  although  weather  conditions  in  winter  prevented 
access  to  the  field  test  site  at  the  transmitter  during  December, 
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January,  and  February.  In  making  transmitter  calibrations  the 
Held  strength  meter.,  with  its  antenna's  of  known  gain  mounted 
atop  the  portable  tower  (see  Figure  8 was  placed  directly  on- 
path^  under  the  main  beams  of  the  transmitting  antennas,  and 
within  clear  llne-of -sight  thereof.  Received  signals  were 
recorded  on  all  three  bands  for  several  adjacent  locations  along 
the  line-of-slght  in  order  to  detect  ground  refleccions,  if  any. 
This  appeared  to  be  a  problem  at  UHF  only.  Ultimately  it  was 
found  to  be  related  to  the  tone  modulation  of  the  WIF  signal. 

From  the  received  signal  levels  and  from  bhe  known  distance 
between  the  field  test  site  and  the  transmitters,  it  was  possible 
to  calculate  correction  factors  to  be  applied  to  the  measured 
power  densities  at  the  receiver  site  in  order  to  determine  values 
of  L  .  Once,  near  the  beginning  of  the  tv/elve-month  experiment, 
and  again  near  the  end,  the  antennas  at  both  ends  of  the  system 
were  checked  for  dlrectj.onal  alignment.  On  these  occasions  the 
transmiuting  antennas  were  lowered  in  elevation  until  the 
signals  at  the  field  test  site  maximized,  so  that  a  true  calibra¬ 
tion  of  radiated  power  could  be  made. 

E.  Analysis  of  the  Data 

It  must  be  recalled  that  the  primary  purpose  of  these 
experiments  was  the  Investigation  of  mean  (or  median)  propagation 
phenomena  (over  periods  of  the  order  of  a  day)  and  the  identifi¬ 
cation,  if  possible,  of  characteristics  of  these  phenomena  with 
specific  meteorological  situations. 
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1.  Sampling  of  tne  Data 

In  view  of  these  objectives  no  attempt  was  made  to 
determl/e,  or  to  analyse^  the  rapid  variations  in  the  excess 
propagation  loss.  On  the  contrary,  in  addition  to  the  electronic 
integration  included  in  the  receiving  equipment  a  further  smoothing 
was  effected  by  visually  averaging  the  signal  records  on  the 
recorder  charts  over  five-minute  periods.  Inasmuch  as  the 
fluctuations  in  these  records  during  such  an  interval  rarely 
exceeded  1  db,  this  operation  v;as  readj.ly  accomplished.  One 
of  these  five-minute  means  (at  the  half-nour)  was  then  taken  as 
representative  of  each  hour. 

By  means  of  an  appropriate  receiver  response  characteristic, 

together  v/ith  its  calibration  as  a  relative  power  density  merger 

(by  the  far-field  tests)  and  any  necessary  correction  thereof, 

as  determined  by  the  daily*-  calibrations,  these  samples  from  the 

records  v;ere  converted  to  values  of  observed  power  density  at 

the  receiver  site,  V/r  .  These  values  of  Wr  were  then  subtracted 

o  o 

from  the  calculated  free-space  power  density  at  the  receiver  site, 

V/r^  ,  derived  from  the  transmitter  far-field  calibrations  (corrected 
f  s 

if  necessary  for  daily  fluctuations  in  transmitter  output )  and 

modified  by  the  ratio  of  the  squares  of  the  distance  between 

transmitters  and  the  transmitter  field  test  site  (2.77  km)  and 

the  path  length  (108  km).  The  hourly  sample  values  of  mean 

excess  propagation  loss  L  thus  determined  were  tabulated  for 

P 

each  receiving  system.  Altogether  seven  entries  were  made  for 


each  hour: 


a)  AN/MPN-1  receiver  on  X-band,  lefthand  antenna 

b)  AN/MPN-1  receiver  on  X-band^  righthand  antenna 

c)  Logarithmic  receiver  on  X-band,  righthand  antenna 

d)  AN/MPN-1  receiver  on  S-band,  lefthand  antenna 

e)  AN/MPN-1  receiver  on  S~band,  righthand  antenna 

f)  Logarithmic  receiver  on  S-band,  righthand  antenna 

g)  UHF  (logarithmic)  receiver^  central  antenna. 

All  succeeding  analyses  have  employed  values  of  L^  taken  from 
this  tabulation  (See  Appendix.  Table  II ). 

2 .  Median  Diversity  Experiment 

As  noted  previously^  if  the  observed  differences  in  L 

P 

between  different  frequency  bands  are  to  be  attributed  to  the 
change  in  wavelength  (indirectly  to  the  refractive  index  spectral 
structure (k)  and  changes  therein )>  evidence  is  required  that 
the  slight  differences  in  receiving  antenna  locations  (space 
diversity  effect)  is  not  the  basic  factor  responsible  for  the 
variations  in  the  data.  Since  five-minute  average  samples  only 
are  analysed  in  this  report,  one  would  anticipate  that  the 
normal  s  ;e  diversity  effect  would  be  largely  suppressed,. 
Nonetheless,  there  was  evidence  in  preliminary  work  that  some 
residual  (median)  diversity  effect  persisted.  It  was  for  this 
reason  that  dual  receiving  systems  v/ere  installed  on  X-and  S-band, 
Although  this  co-frequency  median  diversity  effect  is  nou 
so  pronounced  as  that  evidenced  between  different  frequency  bands, 
it  is  nonetheless  a  real  phenomenon  deserving  of  a  satisfactory 
explanation.  The  measurements  here  reported  are  clear  evidence, 
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on  the  one  hand;,  of  Its  occurrence  and,  at  the  same  time,  provide 
adequate  demonstration  that  this  effect  alone  cannot  be  credited 
with  major  responsibility  for  the  day-to-day  variations  in  the 
difference  of  L  values  observed  bn  the  several  bands. 

P  ^  , 

When  allowance  is  made  for  those  instances  that  must  be 
laid  to  shifts  in  calibrations  (from  one  period  to  another), 
the  distributions  of  hourly  samples  for  each  of  several  months, 
a.s  presented  in  Figure  9s  show  a  standard  deviation  of  AL 
between  left-and  right-hand  receiving  systems  of  215  db.  The 
roughly  2  db  rms  random  deviation  in  hourly  five -minute  samples 
(for  a  single  system)  implied  by  these  data  is  too  great  to  be 
accounted  for  entirely  in  terms  of  equipment  performance 
fluctuations.  This  result,  together  with  the  specific  observa¬ 
tions  referred  to  earlier,  in  which  one  receiver  output  was 

t 

noted  to  decrease  at  the  same  time  that  the  output  of  the  other 
receiver  on  that  channel  Increased,  cannot  be  dismissed  as  rvrce 
aberations.  That  in  a  space  diversity  system  there  is  soire 
uncorrelated  variation  between  hourly  samples  is  now  an  established 
fact.  The  cause,  on  the  other  hand,  of  this  seemingly  anomalous 
state  of  affairs  remains  ambiguous. 

5.  Wavelength  Dependence  Study 

In  analysing  the  data  to  determine  the  frequency  depen¬ 
dence  of  the  propagation  mechanism  and,  moie  specifically, 
variations  in  this  dependence  with  changes  in  meteorological 
conditions,  two  further  steps  were  taken  to  suppress  any 
influence  cf  the  median  diversity  effect  discussed  above. 
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Flrat,  daily  average  values  of  L  were  employed  (averages  of  the 

six  midday  hourly  samples).  Second, fthe  mean  of  the  two  X-band 

systems  was  used  to  represent  that  wavelength,  and  a  similar 

mean  was  used  for  S-band,  The  standard  deviation  of  the  difference 

between  X-and  S-values  of  L  attributable  to  median  diversity 

P 

and  system  uncertainty  would  thus  be  expected  to  be  less  than 

1.8  db. 

Figure  10  shows  the  dlstributicn  of  these  differences 

(AL  ),  as  well  as  those  between  X-lsand  and  iJ>IF  (AL  )  and 
X-S  X-U 

oetween  S-band  and  Ui.  (AL  ),  for  the  entire  year  from  August 

S  — U 

i960  through  July  196I.  Figure  11  presents  the  same  date 
separately  by  season;  summer  months  (June  through  September) 
versus  the  rest  of  the  year.  The  considerably  increased  variances 
indicate  that  additional  factors  are  Involved.  The  pronounced 
secisonal  differences,  both  in  median  value  and  in  variance, 
suggest  that  meteorological  effects  may  v;ell  be  responsible. 

However,  before  an  attempt  la  made  to  identify  any  such 
meteorological  Influence,  it  is  important  to  note  the  strong 
evidence  here  offered  in  support  of  the  day-to-day  variability 
of  wavelength  dependence.  Figure  12  is  a  c.hronological  plot  of 
the  differences  in  daily-average  excess  propagation  loss  between 
the  various  pairs  of  frequencies.  The  fact  that  these  AL  values 
change  significantly  from  one  day,  or  one  v/eek,  to  the  next, 
and  that  jn  lome  instances  they  change  by  as  much  33  15  db 
within  a  month,  is  clearly  indicative  of  variations  in  the  wave- 
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length  dependence  of  the  propagation  phenomenon.  Further,  the 

fact  that  AL  and  AL  are  not  equal  (within  experimental 
X-S  S^U 

uncertainty)  at  all  times,  and  that  AL  differs  from  twice 

X-U 

AL  ,  indicates  the  extreme  complexity  of  the  mechanism(s ) 

X“S 

responsible  for  the  received  signals.  One  can  only  conclude 
that  the  processes  involved  in  propagation  over  this  short 
transhorizon  path  in  hilly  terrain  are  intricate  and  variable. 

k,  /Meteorological  Factors 

An  attempt  has  been  made  to  correlate  the  variations  in 
(as  indicative  of  variations  in  the  refractive  index  structure 

and  in  tne 'closely  related  temperature  and  humidity  structure) 
with  various  meteorological  parameters.  Surface  and  upper  air 
soundings  (radiosonde  data)  have  been  supplied  by  the  U.  S. 

Weather  Bureau  for  those  weather  stations  nearest  to  the  radio 
path.  Unfortunately  the  data  of  primary  interest  (upper  air 
temperature,  humidity,  and  winds)  are  available  only  from  0700 
and  1900  soundings  and  these  only  for  the  stations  at  Buffalo 
and  Albany,  approximately  150  miles  west  and  east  of  the  path. 

No  detailed  information  whatever  is  available  for  the  important 
common  volume,  the  region  500  to  5OOO  feet  above  the  immediate 
vicinity  of  Geneva,  New  York. 

As  a  consequence  it  vrauld  be  surprising  indeed  to  find  strong 
correlation  betv/een  the  radio  propagation  measurements  and  the 
available  meteorological  data .  This  is  particularly  true  in  the 
present  case  in  v/hich  the  portion  of  the  atmosphere  principally 
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involved  in  the  propagation  is  close  to  the  surface  and  there¬ 
fore  subject  to  strong  surface  influence >  so  that  remotely 
collected  weather  data  corij  at  best^  give  a  poor  estimate  of 
conditions  in  the  region  of  prime  importance. 

Nonetheless j  various  temperature,  wind,  and  stability 
factors  have  been  deduced  from  the  soundings  for  a- sample  set.  of 
days  throughout  the  year.  Approximately  thirty  days  were 
selected,  in  groups  of  two  or  more  such  that  the  AL  value 
(averaged  over  the  10:1  frequency  range)  was  reasonably  consistent 
within  each  group  yet  covered  a  representative  range  for  the 
set  as  a  whole.  Temperature  and  wind  speed  values  within  the 
common  volume  (at  2000  feet)  have  been  takeh  direotl-y  from  the 
190c  radiosonde  and  from  the  15OO  and  19OO  raob  soundings:,  '  In 
nearly  every  instance  data  from  several  surrounding  weather' 
stations  have  been  averaged  so  as  better  to  represent  conditions 
over  Geneva.  Values  of  the  Richardson  number*,  based  on  the 
1000-4000  foot  interval,  have  been  calculated  from  similarly 
averaged  data. 

The  results  are  shown  in  the  foimi  of  scatter  plots  in  Figure 
15.  There  is  little  or  no  evidence  of  correlation  between 
difference  in  excess  propagation  loss  and  wind  speed  or  Richardson 


*Richardson  number,  R. ,  is  the  ratio  of  static  stability  to  the 
square  of  v;ind  shear  and  as  such  is  indicative  of  the  ratio  of 
the  stabilizing  influence  of  the  density  gradient  as  opposed 
to  the  turbulence -producing  effect  of  the  wind  field. 


number.  On  the  other  hand  there  appears  to  be  fairly  strong. 
Inverse  correlation  between  AL  and  temperature.  Closer  inspection 
of  the  tabulated  results  (Appendix,  Table  l)  shows  that-  this  is 
more  a  seasonal  dependence  of  both  parameters  than  a  direct 
relation.  From  this  there  follows  the  suggestion  that^  (k) 
tends  toward  one  structure  in  the  colder,  less  moist  months  and 
toward  a  different,  and  more  variable,  structure  during  the 
warmer,  humid  months. 

Another  possible  explanation  is  that  this  effect  is  a 
consequence  of  variable  mean  refraction  (generally  less  in  winter 
than  in  summer),  which  in  turn  raises  the  common  volume  in  winter 
as  well  as  increasing  the  magnitude  of  the  wave  number  k  at 
which  J*  is  sampled  by  a  particular  frequency.  These  shifts  in 
altitude  and  in  wave  number  magnitudes'  could  be  responsible  for 
a  consistent  change  in  the  form  of  the  refractive  index  spectral 
structure,  on  which  the  propagation  depends.  That,  in  turn, 
would  account  for  the  observed  change  in  dependence  of  excess 
propagation  loss' on  wavelength  of  the  radio  signal. 

F.  Conclusions  and  Recommendations 

The  investigations  carried  on  under  this  contract  have 
shed  light  on  a  nxmiber  of  facets  of  tropospheric  propagation 
and  on  several  tropospheric  phenomena  as  well.  Not  all  of  these 
results  have  direct  or  immediate  implications  of  an  engineering 
nature.  They  are  interesting,  nonetheless,  and  may  provide 
valuable  insight  in  other  areas  of  research. 


1 .  Summary  of  Results 


The  results  of  the  various  investigations  may  be  summarized 
as  follows: 

a.  The  primary  cause  of  signal  fading  over  troposcabter 
circuits  is  horizontal  drift  perpendicular  to  the  path  aa  opposed 
to  turbulent  motions  in  the  atmosphere,  the  role  oi'  which  appears 
to  have  been  overemphasized  by  numerous  Investigators ,  This 
concJusion  stems  from  the  discovery  that  the  fading  spectrum 
induced,  by  such  horizontal  drift  does  not  fall -off  as  rapidly 

as  the  Gaussian  model  assumed  in  previous  analyses,  (Scientific 
Report  No.  1.  ) 

b.  The  wavelength  dependence  of  transhorizon  tropospheric 
propagation,  at  uhf  and  microwave  frequencies,  varies  from  day- 
po-day  and  from  season-to-season.  These  variations  reflect 
changes  in  the  refi'active  index  structure,  and  there  is  evidence 
that  these  changes  in  sti’Ucture  are  related  to  other,  larger 
scale  meteorological  factors,  specifically  the  dynamic  stability 

of  the  troposphere.  (Scientific  Report  No.  2  ind  Section  E  above. } 

c.  Independent  variation  of  median  propagation  loos 
over  adjacent,  co-frequency  channels  for  periods  of  from  tens 
of  minutes  to  sev-^ral  hours  does.  In  fspt,  occur,.  This  varia¬ 
tion  is  not  so  great  as  that  between  widely  separated  frequencies, 
but  it  is  real  and  is,  as  yet,  not  satisfactorily  explained. 

Section  E  above .  ) 


d,  Oroatiy  enhanced  propagation  rnay.  occur  over  irregular 
terrain,  expeclally  on  summer  nights.  This  reflects  locally 
peculiar  meteorological  patterns  that  may  be  attributed  to  radia¬ 
tion  cooling  and  highly  moist  valley  bottmes  (lakes),  (Scientific 
Report  No,  4,  ) 

e,  Informcition  theoretic  analysis  of  a  troposcatter 
circuit  la  presently  limited  by  the  mathematical  difficulty 

of  expresaing,  in  t.i’actlble  form,  the  nece0nar7  Joint;  probability 
distribution,  function  for  the  time-variable  transfer  function 
of  the  channel.  On  the  other  hand,  with  knowledge  of  the  time 
and  spectral  structure  of  the  refractive  Index  variations  it  ,l.o 
possible  to  calculate  the  coherence  time  and  coherence  band¬ 
width  of  a  given  circuit.  (Scientific  Report  No.  i.  ) 

f,  Standard  Weather  Bureau  upper-air  data,  as  gathered 
by  radiosonde  techniques,  are  helpful  in  analysing  radio  prop¬ 
agation  results  when  the  path  geometry  places  the  common  volume 

a  kilometer  or  more  above  level  terrain,  however,  the  geographical, 
altitude,  and  time  resolution  of  these  data  is  too  coarse  to  be 
able  bo  gain  from  them  much  insight  Into  the  Influence  of  meteoro¬ 
logical  effects  when  the  common  volume  is  below  one*half  kilometer, 
especially  if  the  terrain  is  highly  irregular.  (Scientific 
Report  No.  2  and  Section  E  above,  ) 

2 .  Implications  and  Recommendations 

There  are  consequences  implied  by  those  rvr-ults  that 
may  be  of  considerable  significance,  Or.o  of  these  la  the  fact 
that,  particularly  on  shorter  paths,  higher  frequency  circuits 


^1). 

can  exhibit;  markedly  superior  performance  under  tempera te-.3;one 
rjummcr  conditions.  It  has  customarily  been  assumed  that  the 
propagation  loss  wuld  be  less  at  lower  frequencies.  Another 
in  the  possible  degradation  of  performance  in  diversity  systems 
duo  to  the  independent  variation  of  medlar  levels.  Usual  analysis 
assumes  equal  median  levels,  and  a  difference  of  3-6  db  will 
.lni;roduce*  appreciable  error  in  the  reliabl?.lty  colculationo .  A 
third  important  implication  regards  the  use  of  radio  propagation 
experiments  for  geophirsical  exploration.  The  possibilities  for 
studying  refx'active  index  and  related  meteorological  structures 

by  radio  "sounding"  techniques,  both  monostatic  and  blstatic, 

\  ■ 

are  demonstrated  In  the  tnvoatlgationo  that  have  been  carried 
out.  The  opportunities  in  tills  vein  have  barely  been  tapped, 

On  the  banj.o  of  the  studies  here  reported  two  specific 
recommendations  arc  made^ 

Recommendation  1.  Detailed  analyses  should  be  made  of  wide-band 
signals  received  over  transhorizon  tropospnerlc  circuits.  Such 
studies  will  lead  to  a  fuller  understanding  of  the  nature  and 
stochastic  character  of  the  time-variable  transfer  function  by 
whicli  this  propagation  mechanism  may  be  described  and  will, 
therefore,  make  possible  more  effective  utilization  of  the 
radio  spectrum.  The  transmissions  analysed  should  be  of  200  mc/s 
bandwidth,  at  a  minimum,  and  preferably  of  1000  rnc/o  bandwidth. 

As  a  byproduct  this  type  investigation  may  also  yield  valuable 
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information  as  to  the  nature  of  the  propagation  mechanism 
itself j  whether  it  is  at  an:'  given  time  primarily  volume  or 
layer  scattering. 

Recommendation  2.  A  second -generation  version  of  the  scaled, 
multiple  frequency  experiment  described  in  the  earlier  sections 
of  this  report  should  be  carried  out.  It  should  involve  at 
least  three  frequencies  covering  a  span  in  excess  of  10:1,  The 
path  length  should  exceed  300  km  so  as  to  insure  that  the  cricical 
portion  of  the  troposphere  is  sufficiently  above  the  surface  to 
be  free  of  Immediate  terrain  influence.  More  local  (both  geo¬ 
graphically  and  in  time)  meteorological  data  should  be  collected 
as  part  of  the  experiment  so  that  the  relation  of  propagation 
results  to  weather  structure  can  be  clearly  established.  Finally, 
the  experimental  system  should  permit  measurements  at  off -path 
angles  (and  the  antenna  beamv/idths  should  be  narrow  enough  bo 
permit  resolution  of  1-2®  shifts  in  direction).  This  will  make 
possible  exploration  of  anisotropy  in  the  refractive  index 
structure.  Recent  preliminary  measurements  have  indicated  such 
non-uniform  structure  occurs,  and  an  experimental  teclmique  by 
which  it  may  be  studied  in  remote  parts  of  the  atmosphere  will 
be  of  considerable  value  to  the  dynamical  meteorologists. 
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Table  II 

Hourly  Sample  Values  of  Mean  Excess  Propagation  Loss, 
AN/i4PN-l  X-band  Lefthand  Antenna  (X-L) 


LateAlour 

i960 

1050 

1150 

1250 

1550 

1430 

.  1550 

3/4 

56.5 

54.5 

55.5 

56.5 

60.5 

62,5 

52.0 

49.5 

51.0 

55.5 

54.5 

8/11 

51.0 

51.0 

52.5 

61,5 

62.0 

62.0 

8/12 

57.0 

59.0 

61.5 

62.5 

65.0 

—  — 

8/18 

— 

51.5 

51,5 

53.5 

54.0 

56.5 

55.0 

52.5 

50.5 

47.5 

45.5 

— - 

54,0 

55.5 

55.5 

54,0 

54.0 

56,0 

8/26 

55.5 

50.5 

57.5 

57.5 

58.0 

. — 

9/1 

— 

-- 

— 

-- 

50.5 

9/2 

54.0 

54.0 

55.5 

55.5 

54.5 

9/8 

59.0 

55.5 

53.5 

50.5 

55.5 

56.0 

9/9 

56,5 

55o5 

57.5 

57.5 

55.5 

9/15 

64.5 

60.5 

58.0 

59.5 

59.5 

61.0 

9/16 

47.0 

47.0 

47.5 

48.0 

49.5 

9/22 

56,5 

59.0 

61,0 

65.0 

•  61.0 

62.5 

9/p 

68.0 

67.5 

66'.5 

66.5 

67.0 

9/29 

-- 

59.0 

59.5 

65.5 

65.0 

63.0 

9/30 

68,5 

69.0 

68.0 

65.0 

61.0 

10/6 

58.0 

64.0 

68.5 

68,0  * 

68.0 

69.0 

10/7 

68.0 

66.5 

65.5 

64.0 

65i0 

10/13 

61.0 

66,5 

>67.5  - 

>67.5 

>67.5 

70.5 

10  A4 

60.5 

61.5 

62.5 

65.0 

67.0 

10/20 

65.0 

64.0 

65.5 

67.0 

67.5 

67.5 

10/21 

64.5 

68.0 

66,0 

61.5 

65.0 

10/27 

59.0 

56,0 

58.0 

60.0 

58.5 

.  62.0 

10/28 

11/3 

65.5 

64.0  60.5  62.5 

SIGNAL  MASKED  BY  NOISE 

65.5 

iiA 

66.5 

70.0 

69.5 

69.5 

69.5 

70.0 

11/10 

— 

67,0 

68,5 

69.0 

70.0 

11/11 

75.5 

74.0 

73.5 

75.5 

74.0 

73.5 

67.0 

68.0 

69.0 

71.0 

71.5 

71.5 

11/18 

1961 

68.0 

68.5 

69.5 

75.0 

73.5 

73.0 
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rate* /Hour 
1361 


2/16 

2/17 

2/2j 

2/24 

5/2 

5/5 

^/p 

5/10 

5/16 

5/17 

5/^25 

5/24 

5/30 

5/01 

4/6 

4/7 

4/15 

4/14 

4/20 

4/21 

4/27 

4/28 

5A 

5/5 

5/11 

5/12 

5/lS 

5/19 
5/25 
5/26 
6/1  \ 
6/2/ 
6/8^ 
6/9 
6/13 
6/16 
6/22 
6/25 
6/29 

6/50 

7/1 

7/;6 

7/7 

7/13 

7/14 

7/20 

7/21 


> 


ANATO-I  X-band  Lefthand  Antenna  (x-L) 


1050 

1150 

1250 

1550 

1450 

1550 

67.5 

71.5 

75.5 

75.5 

62.5 

;  66,5 

69.5 

65.5 

75.5 

65.5 

65.5 

66.3 

68.5 

71.5 

71.0 

71.5 

System 

Inoperative 

70.7 

67.7 

69.7 

68.7 

69.2 

70.7 

-- 

-- 

66.2 

67.2 

-  •• 

55.2 

52.7 

55.2 

54.2 

-- 

-- 

64.2 

65.7 

66.7 

63.2 

67.2 

64.7 

67.2 

66.7 

66.7 

C9.2 

70.2 

61.5 

Tx  off 

62.8 

65.8 

64.5 

65.5 

70.8 

70,5 

70.5 

69.5 

68.8 

System 

Inoperative 

62.1 

65.1 

65.1 

57. 6 

66.1 

66 . 1 

60.1 

65.6 

65.6 

60.6 

62.6 

59,5 

57.5 

56.5 

37.0 

58.0 

58.0 

61,5 

61 .3 

60.5 

58.3 

60.5 

61.5 

61.5 

60.5 

61.0 

61.0 

61.5 

65.5 

65.0 

58.5 

65.5 

59.5 

59.5 

60. 0 

59.0 

57.5 

62.0 

66.5 

65.5 

65.5 

59.5 

64.5 

71.0 

50.8 

55.8 

56.8 

39,5 

58.5 

60.5 

58. 8 

60.8 

60,5 

60.5 

59.8 

. 


ANAipN-1  X-band  Lefthand  Antenna  (7-L) 


Date/Hour 

1961 

1030 

1130 

1230 

1550 

1430 

1550 

7/27 

48.0 

52.0 

51.5 

52.0 

58.0 

60.0 

7/26 

52.0 

57.0 

57.5 

51.0 

62.0 

-- 

m 

55.9 

55.9 

57.4 

57.9 

59.9 

63.9 

8/4 

54.9 

59.9 

60,4 

64.4 

67.9 

-- 

57. 


AN/jviPN-l  X-band  Righthand  Antenna  (X~R) 


Date/tlour 

i960 

1050 

115c 

1230 

1550 

1430 

1530 

8/4 

61.5 

59.5 

57.5 

60.5 

61.0 

62.0 

0/5 

51.5 

49.5 

52.0 

55.0 

54.5 

8A1 

5^K0 

58,5 

60.5 

61.5 

61.5 

61.0 

8/12 

57.5 

61.0 

65.0 

65.0 

64.0 

61 . 0 

54,0 

55.5 

55.5 

55.5 

58.0 

55.0 

54.5 

55.5 

51.0 

48.0 

... 

8/25 

-- 

— 

52.5 

54.5 

57.0 

8/26 

5^.5 

55.5 

59.5 

60.0 

61.0 

9/1 

__ 

-- 

— 

55.5 

54.5 

50.5 

‘=■.2.0 

52.5 

52.5 

52.5 

53.5 

9/8 

57.0 

54.5 

54.0 

48.0 

50.5 

54.0 

9/9 

9A5 

9A6 

9/S2  - 

9/23 

57 .0 

54.0 

57.0 

57.5 

55.0 

9/29 

__ 

— 

—  ^ 

65. 0 

62.0 

9/30 

’  69.5 

72.0 

67.5 

69.0 

70.0 

68.5 

lOA.  . 

59.5 

71.5 

71.5 

71.0 

75.0 

10/7 

69.0 

68.0 

65.0 

66  0 

67.5 

10/13 

>60.5 

65.0 

63.0 

63.0 

61.0 

74.0 

10/14 

67.0 

68.0 

69.5 

70.0 

75.5 

*  M 

10/20 

65.0 

66.0 

66.5 

67.0 

68,5 

68.5 

10/21 

66.0 

69.0 

66.5 

64.0 

66,0 

10/27 

65.0 

61.0 

61.5 

64.0 

64.5 

69.5 

10/28 

11/3 

70.5 

69.5 

SIGNAL 

68.0 

MASKED  BY 

70.5 

NOISE 

75.5 

11  ''4 

77.0 

77.5 

77.5 

77.0 

77.5 

77.5 

11/10 

— 

63.5 

70.5 

71.5 

72.0 

11/11 

75.5 

75.0 

75.5 

75.5 

75.5 

75.5 

65.0 

66.5 

68.5 

70.0 

72.5 

73.0 

11/16 

66,0 

66,0 

67.5 

75.0 

74.0 

■^4,0 

1961 

1/12 

1/15 

1/19 

1/20 

1/26 

1/27 

2/2 

2/5 

2/V 

2/10 

2/16  81.0  82.0  NOISE - ^ 

2/17  77.5  78.0  79.5  80.0  82.0  80.0 


38. 


Date/floup 

1961 


,  AK/MPN-1  X-band  .Right hand  Antenna  (X-R) 

1030  1130  1230  1330  1430  1530 


2/23 

2/24 

3/2 

3/3 

vp 

3/10 

3A6 

3/17 

3/23 

3A4 

3/30 

4/7 

4/13 

4/14 

4/20 

4/21 

4/27 

4/28 

5/4 

5/5 

5/11 

5/12 

5/18 

5/19 

5/25 

5/26 

6/1 

6/2 

6/8 

6/15 

6/16 

6/22 

yp 

6A9 

6/30 

■^4 

7A 

T/7 

7/13 

1/p 

7/20 

7/21 


72.0 

71.0 

70.5 

57.9 

58.4 

60.4 

68.6 

69.1 

71.1 

72.1 

71.6 

71.6 

60.5 

__ 

63.5 

62.4 

64.4 

64.9 

59.9 

62.9 

65.4 

62.6 

60.6 

59.1 

64.6 

65.1 

66.1 

65.2 

62.7 

62.2 

65,7 

65.7 

58.2 

58.2 

56.2 

56.2 

55.4 

57.4 

51.4 

54.0 

56.0 

59.0 

60.5 

60.5 

60.0 

72.0 

72.0 

72.5 

69.0 

71.5 

59.4 

62.9 

62.4 

71.1 

75.1 

72.1 

75.1 

75.6 

65.5 

66,0 

64.0 

68.4 

66.4 

67.9 

61.9 

62,9 

59.5 

61.1 

62’6 

63.6 

65.6 

—  — 

60.7 

61.2 

58.7 

62,2 

59.2 

58.7 

58.7 

62.2 

54.9 

55.4 

59.5 

57.0 

60.0 

61.0 

59,5 

39. 


AN/kPN- 

-1  X-band 

Right hand  Antenna 

(X-R ) 

Date/Hour 

1961 

1050 

1150 

1230 

1330 

1450 

1530 

f 

8A 

48.6 

52.6 

57.3 

53.3 

53.1 

58.6 

57.8 

58.8 

54.1 

62,6 

58.3 

61.3 

56.6 

62.6 

59.8 

62.3 

60.6 

62.6 

62.8 

64.8 

71.6 

65.8 

Date/Hour 

I90O 


8A 

8/5 

B/11 

8/12 

8/18 

8/19 

8/25 

8/26 

9/1 

9/8 

9/9 

9/16 
9/22  - 
9/23 
9/29 

9/30 

10/6 

10/7 

10/13 

10/14 

10/20 

10/21 

10/27 

10/28 

■ 

11/10 

11/11 

11/18 


1961 


Logarithmic  X~band  Righthand  Antenna 


1030 

1130 

1230 

1550 

1430 

1530 

60,0 

58.0 

57.0 

59.0 

60.0 

60.0 

55.0 

50.0 

53.0 

56.0 

55.0 

55.5 

58.0 

62.0 

62.0 

63.0 

62,0 

In  excess 

of  63  db 

(signal  in  noise) 

— 

54.0 

53.0 

56.0 

56..  0 

58.0 

56.0 

56.0 

54.0 

50.0 

50,0 

-- 

, — 

54.0 

55.5 

55.5 

56.0 

54.5 

60.5 

60,5 

63.5 

— 

56.0 

54.5  . 

52.5 

52.5 

54.0 

54.0 

54.5 

56.5 

55,5 

50.0 

52.0 

54.0 

56.0 

53.5 

56.5 

59.5 

55.5 

— 

63.0 

SIGNAL  MASKED  BY  NOISE 
SIGNAL  MASKED  BY  NOISE 
SIGNAL  MASKED  BY  NOISE 
SIGNAL  MASKED  BY  NOISE 

69.5  >70.5  P'70.5 

?-70.5 

>70.5 

63.5 

63.5  66.5  65.5 

69.5 

65.5 

SIGNAL  MASKED  BY  NOISE 
SIGNAL  MASKED  BY  NOISE 

61.5  63.0  65.5 

65.5 

70.5 

70.0 

70.0  68.5  >71.0 

?-71.0 

SIGNAL  MASKED  BY  NOISE 
SIGNAL  MASKED  BY  NOISE 
SIGNAL  MASKED  BY  NOISE 
SIGNAL  MASKED  BY  NOISE 


66.0 

66,0  69.0  -r 

mm  mm 

— 

65.0 

65.5  66,5.  65.0 

mm  mm 

Logarithmic  X-band  Rlghthand  Antenna 
Dabe/Hour  1050  1130  1230  1330  1430  l';50 

1961 


2/23 

2/24 
3/2 
3/3 
3^ 
3/10 
3/16 
3/1  r 
3/23 
3/24 
3/30 
3/31 

4/6 

4/7 

4/13 

4/14 

4/20 

4/21 

4/27 

4/28 

5/4 

5/5 

5A1 

5A8 

5A9 

5/25 

5A6 

6/1 

6/2 

6/6 

6/9 

6/1-5 

6/16 

6/22 

6/23 

6/29 

6/30 

7/1 

7A 

7/7 

7/13 

7/18 

7A9 

7/20 

7/21 


65.0 

67.0 

68.0 

61.0 

66. b 

66.0 

60.5 

58. s 

58.5 

63.5 

63.1 

64.5 

63.4 

60,4 

59.4 

65.4 

65.4 

57.9 

59,4 

56.9 

\ 

54.9 

63.6 

67  A 

61,6 

56cO 

58.0' 

61.0 

61.0 

61.0 

1 

61.0 

56.3 

59,3’> 

•• 

58.3 

60.3 

61.3 

57.5 

58.3* 

57.5 

1 


72.0 

69.0 

70.0 

68.0 

70.0 

58.5 

60.5 

63.5 

61.5 

63.5 

60.4 

60.4 

57.9 

62.4 

59.4 

58.4 

58.4 

60.4 

— 

64.6 

65.6 

* 

61.0 

59.0 

62.0 

62.0 

60.0 

... 

62.3 

61.3 

60.3 

63.5 

62.3 

61.3 

63.5 

61.3 

58.3 

60.3 

61.3 

Logarithmic  X-Lsind  Righthand  Antenna 


42. 


Date/Hour 

1961 

10:50 

1130 

1230 

1330 

1430 

1530 

7/25 

- 

62.3 

68.3 

7/^24 

580 

56.3 

54.3 

58.3 

55.3 

7/25 

58.5 

59.3 

... 

tm 

7/27 

49.3 

54.3 

55.3 

58.3 

61.3 

63.3 

7/28 

55.3 

60.3 

61.3 

62.3 

62.3 

f//? 

56.5 

56.5 

58.5 

59.5 

65.-5 

66'5 

8/4 

52.5 

57.5 

60.5 

65.5 

66.5 

57.5 

__ 

56.5 

61.5 

57.5 

'«Y  n* 

52.5 

8/10 

53. 5 

56.5 

52.5 

53.5 

53.5 

54.5 

8/11 

58.5 

59.5 

57.5 

56.5 

56.5 

55.5 

59.5 

57.5 

59.5 

58.5 

60.5 

8/18 

56.5 

58.5 

8/21 

64.5 

8/22 

68.5 

70.5 

... 

69.5 

67.5 

64.5 

65.5 

61.5 

60.5 

60.5 

57.5 

8/24 

62.5 

59.5 

60.5 

69.5 

59.5 

59.5 

8/25 

59.5 

54.5 

53.5 

56.5 

55.5 

8/28 

-- 

-- 

56.0 

60.5 

8/29 

60.5 

58.5 

58.0 

58.0 

53.5 

58.0 

8/50 

60.0 

58.0 

55.0 

55.5 

58i5. 

57.0 

8/31 

65.5 

63.5 

58.5 

60.5 

60,5 

61.5 

9/1 

57.5 

57.5 

58.5 

62.5 

62,5 

.... 

"5.5 

56.0 

59.5 

60.5 

61.5 

61.5 

9/8 

50.0 

51.0 

54.5 

58.0 

61  iO 

61.5 

9/9 

54.5 

53.5 

59.5 

60.5 

61.0 

9/10 

52.5 

56.5 

59.5 

59.5 

59.0 

59.5 

9/11 

62.5 

60,5 

61.5 

61 ;  5 

61.0 

61.0 

9/12 

67.5 

66.5 

64.5 

66.0 

66.5 

65.5 

9/13 

57.5 

56.5 

58.0 

58.0 

59.5 

60.0 

9/14 

58.5 

59.5 

60.0 

58.0 

60.0 

60.5 

9/15 

62.0 

65.0 

63.5 

63 . 0 

63.5 

63.5 

43. 


Date/Hour 

i960 

ahApn-1 

1030 

3 -band 

1130 

Left hand 

1230 

Ant  enna 

1330 

(S-R ) 

1430 

1530 

8A 

60,0 

59.5 

58.0 

60.5 

63.5 

63.5 

5'^.5 

53.5 

55.5 

57.5 

57.5 

8/11 

57.0 

61.0 

62.0 

64.0 

64.0 

63.5 

8/12 

61.0 

62.5 

65.0 

64.5 

67.0 

8/18 

54.5 

57.0 

58.0 

59.5 

56.5 

59.0 

yp 

57.0 

57.5 

56.5 

55.5 

55.5 

8/25 

59.5 

60.0 

59.0 

58.5 

61.5 

62.5 

8/26 

58.0 

58.0 

63.0 

63.5 

63.5 

60.0 

62.5 

65.5 

64.5 

63.0 

58.5 

60.0 

60.5 

60.0 

61.0 

62.0 

62.5 

60.0 

59.0 

57.0 

59.0 

59.5 

9A 

62.0 

60.0 

62.5 

62.5 

59.0 

60.5 

58.0 

59.5 

61.5 

62.5 

61.0 

yp 

‘^9.5 

49.0 

49.0 

51.0 

54.0 

9/22 

57.0 

59.0 

60.0 

61.0 

60.0 

61.0 

9/23 

63.5 

63.0 

64,5 

62.5 

66.0 

9/29  •• 

5'^.5 

55.0 

56.5 

56.5 

55.5 

,  ■ 

61.5 

62.5 

62.5 

62.0 

61.5 

lO/o 

51.0 

55.0 

56.0 

55.5 

55.5 

56.0 

10/T 

60,0 

59.5 

58.5 

58.5 

58.5 

10/13 

38,5 

48.0 

45.5 

>48.0 

>48,0 

46.5 

10/14 

42,5 

43.5 

‘^3.5 

45.0 

47.0 

10/20 

57.0 

57.0 

58.0 

57.0 

58.5 

58.0 

10/21  - 

59.0 

60.0 

«... 

59.5 

10/27 

50.0 

50.0 

52.0 

53.0 

53.0 

54.0 

10/28 

55.5 

57.5 

55.5 

57.5 

59.5 

60.5 

60.5 

57.0 

59.0 

56.0 

58.0 

iiA 

59.0 

61.0 

61.0 

61.5 

60.5 

60.5 

11/10 

— 

—  -.V 

60.0 

61.5 

61.0 

61.5 

11/11 

65.0 

65.5 

66,0 

67.0 

67.0 

67.0 

11A7 

61,5 

62.0 

62.5 

62.5 

64.0 

63.0 

13.A8 

57.5 

58.0 

59.0 

61.5 

61.5 

59.5 

1961 

1/12 

62.9 

61.4 

61.9 

61.9 

61.9 

62.4 

1/13 

56.4 

57.4 

57.9 

57.9 

57.4 

56.9 

1/19 

63.2 

63.2 

62.2 

60.2 

63.2 

63.2 

1/20 

66.2 

66,2 

66,2 

66.2 

65.2 

65.2 

1/26 

— 

61.3 

61.8 

61.8 

6i.8 

6i.8 

1/27 

62.8 

63.8 

63.8 

63.3 

62.8 

62.8 

2/2 

58.7 

60.7 

63.2 

P?r, 

60.7 

60.7 

61.7 

61.2 

61.7 

61.7 

66,7 

68.2 

69.7 

70.2 

69.7 

67.7 

2/10 

67.2 

66,2 

67.2 

67.2 

69.2 

69.2 

2/lb 

58. 2 

59.7 

61,2 

61.7 

64.2 

64.7 

M/!4PN-1  S-band  Lefthand  Antenna  (S-R) 


Bate/Bour 

19S1  . 


1030 


1130 


1230 


1550 


1550 


2/17 

2/25 

2/24 

5/2 


^/9 

3/10 

3/16 

3/11 

J>/23 

5/^24 

4/6 

4/7 

4A:5 

4/14 

4/20 

4/21 

4/27 

4/28 

5/4 

5/5 

5/11 

5/18 

5/19 

5/25 

5/26 

6/1 

6/2 

6/8 

6/10 

6/22- 

6/25 

6/29 

6/50 

7/1 

7/6 

7/^7 

7/15 

7/^4 

7/18 

7/19 


58.7 

60,2 

61.2 

62.2 

61,2. 

60.7 

62.7 

65.7 

65.2 

65.7 

65.2 

61.2 

62.7 

64,7 

63.7 

'63. z 

.62.2 

—  — 

62.7 

60.7 

60.7 

61.7 

62.2 

61, ,7  ^ 

^1.7 

62.7 

63.7 

64.7 

64.7 

S3W 

63.2 

61.7 

62.2 

62.2 

61.7 

60s;7 

60.2 

61.2 

61.2 

61.2 

62.2 

62, a 

62.2 

61.2 

61.2 

60.7 

61.2 

61  p  2 

61.2 

nmtmm 

62.2 

62,2 

61.7 

62.2 

6S:.2 

61.2 

61.7 

62.2 

58.7 

59.7 

60.7 

62.7 

65.7 

65.7 

60.5 

62.0 

62.5 

62.5 

62.0' 

62.5 

63.5 

63.5 

63.5 

62.5 

61.3 

62.0 

62.0 

62.5 

63.5 

63.0 

^3..0 

62.0 

65.5 

63.5 

63.5 

63.5,, 

-  60.0 

— 

63.5 

•53.5 

■  63/5"  - 

64;^5. 

52,2 

52.2 

53.7 

53,2 

.  ’  54.7 

6.'5.2 

62.2 

62.2 

61.7 

61.7 

62.5 

64,3 

64.8 

63.8 

\S3  A  . 

j,  59.8 

63o3 

64.3 

64.8 

64.8 

me: 

64.4 

-- 

66.4 

66.9 

7  66A 

69.9 

68.9 

68.9 

67*9 

■ 

67.1 

66.6 

67.1 

65.6 

•  ^  r'..-  •  '  .V*  "  , 

64.6 

68.2 

69.2 

70.2 

71.2-  ■ 

'  70.2 

59.7 

62.2 

63.7 

66.2 

-- 

59.7 

58:2 

57.2 

57.7 

^  - 

-/■  39.2 

63.7 

63.7 

64.2 

64.7 

64.2 

67.6 

67.1 

65.6 

65.6  ■ 

67A .  •  ■ 

■  66^6 

70.6 

70.1 

62.6 

53.1 

^64.i 

-  63.1 

59.6 

59  ' 

58.6 

60:1 

62;.  i . 

— 

62.2 

65.7 

60.2 

61.2 

64.2 

_ 

55.5 

56.5 

56.5 

59.J> 

583. 

58.5 

61.0 

60.5 

59.5 

6r.o 

68.3 

b6.8 

66.3 

66.8 

6478 

6578 

58.3 

59.8 

62.8 

62.8 

63.8 

62.3 

45. 


AN/^TPN-1  S-band  Lefthand  Antenna  (S-*R) 


Date/Hour 

1961 

1050 

1130 

1230 

1550 

1450 

1550 

7/20 

•••  «i» 

61.8 

65.5 

62.5 

65.5 

66.3 

7/21 

60.8 

59,5 

59.5 

60.8 

62.3 

62.3 

7/27 

47.5 

51.5 

62.5 

65.8 

65.8 

64.3 

7/28 

59.5 

62.5 

65.5 

64.8 

65.5 

•« 

64.6 

64.6 

65.1 

66.1 

’  67,1 

08.1 

8/4 

59.6 

61.6 

62.6 

65.6 

64.6 

— 

46. 


Date./^our 

i960 

M/lMPN-1 

1050 

S-band 

1130 

Righbhand 

1230 

Antenna 

1330 

(S-L) 

1450 

1530 

57.5 

57.0 

56.5 

59.5 

62,0  ■ 

65.5 

8/5 

55.5 

54.5 

56.0 

58.5 

59  vO  , 

8A1 

57.0 

61.0 

63.0 

66.0 

66;,  0 

65.5 

8/12 

62,0 

64.5 

67.0 

66.5 

68.5 

54.0 

57.0 

57.0  ' 

59.0 

.  60.5, 

62.0 

52,5 

53.5 

53.5 

51.0 

47.0 

«... 

§^25 

61.0 

62.0 

60.5 

58.0 

60.0  - 

60.0 

8/26 

58.0 

57.0 

63.0 

63.0 

63..  O  . 

«« 

9/1 

56.5 

60.0 

65.0 

64.5 

63.0 

55.5 

57.5 

58.0 

57.5 

58.5 

59.0 

9/8 

64.0 

61.0 

60.0 

57.5 

60,5 

61.5 

9/9 

63.0 

60.5 

64.0 

64.0 

58.5 

9/15 

64.5 

60.5 

58.0 

59.5 

59..5 . 

61.0 

9/16 

47.0 

47.0 

47.5 

48.0 

49.5 

«« 

9/22 

56.5 

59.0 

61.0 

63.0 

61  .;p 

62.5 

9/23 

68.0 

67.5 

66.5 

66.5 

67.Q 

«« 

9/29 

-  - 

55.5 

56.5 

59.0 

60.5 

58,5 

10/6 

60.0 

61.5 

68.5 

68.0 

.. 

10/7 

49.0 

47.5 

45.5 

47.0 

teiP  ;  < 

wm  am 

10/13 

37.0 

43.0 

>45.5 

>^5.5 

>45^  ■;  V 

50.0 

10/14 

45.0 

46,0 

46.0 

47.0 

:'49v5  ' 

«« 

10/20 

60.5 

59.0 

59.0 

60.-5 

61.0 

10/21 

59.5 

61.5  . 

59.5 

57.5  ‘ 

.  -  6plp:'  :- 

* 

10/27 

55.5 

54.5 

57.0 

57.'0> 

59.0 

10/28 

60.0 

60.0 

60.5 

61.0 

60.0 

61.0 

58.5 

6lid 

59.0 

11/4 

57.5 

60,5 

60.5 

60.5 

■  .^9^>V 

60.0 

11/10 

60.5 

61,0 

61.5 

11/11 

63.5 

63.5 

63.5 

64.0 

63.5 

11/1 7 

60.5 

60.5 

61.0 

61.5 

.■'62.5-'  ^ 

62.5 

11/18 

1961 

57.0 

57.5 

58.5 

61.0 

' 

60.5 

1/12 

59.8 

57.3 

58.3 

57.8- 

57.3 

56.8 

IA3 

1A9 

56.8 

59.8 

59.3 

59.3 

58.8 

57.3 

1/20 

1/26 

1/27 

57.8 

58.3 

58.3 

58.3 

58.3  . 

57.8 

2/2 

58.3 

59.3 

53.8 

... 

53.8 

■2/} 

52.3 

§5.3 

55.3 

54.8 

2/3 

59.3 

59.8 

60.3 

60.3 

60.3 

59.8 

2/10 

59.3 

59.3 

59.3 

58.3 

60.8 

60.8 

2/16 

54.5 

57.0 

58.0 

59.0 

60.0 

60.0 

2/17 

56.5 

59.5 

61.0 

62.0 

62.0 

60.5 

AN/MPN-1  S-b^d  Eighth, and  Antenna  (S-L) 


Date/^our  IO50  II30 
1961 


2/25 

60.8 

62.8 

2/24 

60.3 

62.3 

5/^2 

3/3 

56.3 

57.3 

3/9 

65.5 

65.8 

3/10 

61.3 

61.8 

5/16 

62.8 

62.8 

3/17 

62.8 

62.3 

5/25 

3/^24 

65.8 

67.3 

5/^0 

■5/31 

1230 

1330 

1430 

1530 

61.8 

60,8 

60,3 

60.8 

62.3 

62.3 

69.3 

68.3 

— 

61.3 

58.3 

59.8 

59.3 

59.3 

65.8 

65.3- 

63.8 

63.8 

61.8 

61.3 

60.8 

60.3 

62.3 

63.3 

63.3 

62.8 

62.3 

61.8 

61.8 

62.3 

— 

66.3 

66.3 

66.3 

65.3 

65.8 

67.3 

4/6 

61.0 

63.0 

62.5 

62.5 

63.0  .. 

62.5 

4/21 

65.0 

65.5 

64.5 

63.0  - 

-  59iO  ; 

57.0 

4/^27 

62.8 

62.3 

62.8 

61.3 

6,0,8  .  - 

60,i8 

4/28 

5A 

62.7 

63.2 

64.2 

64.2  . 

61.7 

5/p 

-- 

62.7 

62.7 

62:7 

5A1 

51.2 

51.2 

54,2 

53tT 

^'.7 

65.7 

70.2 

69.2 

67.7 

:  ■:  '67'i2/^; 

5A8 

54.7 

55.7 

55.7 

52.7 

■51.7 

5/19 

55.2 

56.2 

56.7 

57.7 

.53:2 

5/25 

53.2 

-- 

55.7 

56.2 

'56'v2: 

53.2 

5/26 

62.7 

61.2 

61.7 

61.7 

61^7'^. 

6/1 

6/2 

6/8 

64.2 

63.7 

66.7 

60.2 

60>2^' 

60.7 

6/9  - 

6/15 

60.0 

60.5 

62.5 

64.0 

62.^ 

6^^5 

63.5 

6/16 

53.5 

57.0 

58.0 

60.5 

6/22 

56.5 

55.0 

54.0 

54.5 

f56iO  . 

56.5 

6/23 

58.5 

58.5 

58.5 

57.0 

57.  5’  - 

««»  M 

6/29 

57.0 

56.5 

54.5 

55.0 

5^.=P  .  \  ' 

-64.0^ 

6/30 

63.0 

62.0 

57.0 

61.0 

57?P ;  : 

56.0 

74 

57.5 

56.5 

57.0 

58.5 

7/6 

7/7 

68.4 

69.4 

63.4 

65.4  - 

65.  f 

•»«» 

7A3 

54.6 

5^.1 

54.1 

59.6 

58.6- 

61.1 

7A4 

48.1 

48.1 

47.6 

48.1 

7/16 

63.6 

62.6 

59.1 

58.1 

5^.1 

60.1 

7/19 

56.1 

56.1 

60.6 

59.6 

60.6 

58.1 

48. 


AN/MPN-l 

S-band 

Rlghbhand 

Antenna 

(S-L) 

Dato/Hour 

1961 

1050 

1150 

1230 

1530 

1450 

1530 

7/20 

59.1 

61.1 

61.1 

60.1 

65.1 

62.6 

7/21 

58.1 

57.1 

59,1 

60.6 

65.1 

61.6 

7/27 

51.0 

55.0 

58.0 

61.5 

65.0 

71.0 

7/28 

54.0 

64.5 

66.0 

67.5 

68.0 

m,  mm 

e/-^ 

60.2 

61,2 

62.2 

65.2 

64.2 

66.7 

8/4 

34.2 

57.2 

58.7 

61.7 

62.2 

49. 


Logarithmic  S.*band  Rlghthand  Anterma 


Date/llour 

_ 


8/4 

8/5 

8/11 

8/12 

3/18 

8/19 

8/25 

8/26 

9/1 

9/2 

9/8 

9/9 

9/15 

9/l6 

9/22 

9/2J> 

9/29 

9/30 

10/6 

10/7 

10A3 

10/14 

10/20 

10/21 

10/27 

10/28 

11/3 

11/4 

11/10 

11/11 

11/17 

11/18 


1030 

1130 

1230 

1330 

1430 

1530 

56.0 

56.0 

55.0 

58.0 

60,0 

62.0 

55.0 

52.0 

54.0 

56.0 

57.0 

58.0 

63,0 

65.0 

65.0 

65.0 

66.0 

63.0 

65.0 

68,0 

68,0 

67.0 

53.0 

56.0 

56.0 

58.0 

58.0 

60.0 

50.0 

53.0 

51.0 

49.0 

48.0 

59.5 

60.0 

57.0 

56.5 

59.5 

60.5 

57.5 

55.5 

62.5 

63.5 

63.0 

a.  •• 

54.5 

58.5 

63.0 

59.0 

56.5 

57.5 

57.5 

57.5 

57.0 

58,5 

59.5 

65.0 

61.5 

59.0 

56.5 

60.0 

61.5 

62.5 

58.5 

62.5 

62.5 

54.5 

63.0 

56.0 

56.5 

58.0 

58.5 

60.5 

47.5 

46.0 

46.5 

48.5 

51.0 

55.5 

60.5 

63.5 

61.5 

62.5 

69.0 

68.0 

67.0 

66.5 

68.0 

*  M 

55,5 

54.5 

56.5 

59.5 

60.5 

59.0 

59.5 

60.5 

59.0 

58.5 

58,0 

60.0 

58.5 

59.0 

60.5 

62.0 

60.5 

59.5 

61.5 

60.0 

58.5 

59.0 

57.5 

56.5 

57.0 

57.5 

57.0 

58.5 

— 

— 

61.5 

62.5 

65.0 

60.0 

61,0 

59.0 

61.0 

56.5 

59.0 

55.5 

59.0 

58.5 

58.0 

57.5 

58.0 

61.5 

61.0 

59.5 

61.0 

61.5 

61.5 

64.0 

64.0 

64.0 

64.0 

64,5 

64.0 

60.5 

61.0 

61.5 

62.0 

63.0 

62.5 

57.0 

57.5 

59.0 

61.0 

61.5 

59.0 

1961 


lAs 


1/15 

1/19 

1/20 

56.8 

60.8 

60.8 

61.8 

60.8 

58.8 

1/26 

-- 

58.6 

58.6 

58.6 

58.6 

58.6 

1/27 

2/2 

2/3 

2/9 

2/10 

2/16 

2/17 

60.6 

60.6 

60.6 

59.6 

59.6 

59.6 

,30. 

Logarithmic  S-band  Rlgh^ha^^  "lfel;ehnQ : 


Date/llour  1050  II30 
1961 


2/23 

2/24 

5/2 

5/3 

y? 

3/10 

3A6 

3A7 

3/2? 

3/24 

3/30 

V7 

4/13 

4/14 

4/20 

4/21 

4/27 

4/28 

5A 

5/5- 

sAi 

54.6 

54.6 

5/12 

5/18 

58.2 

58.2 

5/19 

56.2 

57.2 

5/25 

54.3 

5/26 

66.3 

65.5 

6/1 

6/2 

6/8 

66.5 

66.5 

56.0 

57.0 

6/16 

55.5 

56.5 

6A2 

55.2 

51.7 

6/23 

54.7 

55.2 

6/29 

56.1“ 

56,1 

6/30- 

62.1 

61.1 

7A 

60.1 

59.1 

7/6 

7/7 

59.5 

62;  5 

7/13 

56.7 

54.7 

7A4 

62.7 

61.7 

7A8 

65.5 

63.5 

7A9 

56.3 

57.5 

7A0 

59.5 

62.3 

7/21 

57.5 

58.3 

1250  1350  1#)  3  :  -  3330 


59.6 

.  mS: 

59.6 

69.6 

7Q.6 

50.2 

55;2: 

52.2 

58.2 

59v;^ 

' 

58.3 

:55i3 

51.3 

63.5 

62^,3 

66.5 

58.5 

''  t'p  r  ' 

64.5 

58.5 

fO.5 

59.5 

58.0 

60.0 

. '..A  *  ; 

'  '  -  "  ‘ '  Pile’S:? 

50.7 

54.7 

51.7 

55^2 

55.7 

55.1 

55.1 

53.1 

57^1 

63.1 

54.1 

59.1 

62;1 

— 

54.5 

57.5 

- 

54.7 

60.7 

62.7 

60.7 

60.7 

'59.^' 

61.3 

60.3 

.j0.5:  ; 

58.3 

61.3 

61.3 

.60.3  : 

56.3 

61.3 

61.3 

^5v3^:  : 

62.3 

58.3 

60.3 

62.3 

62.3 

51. 


Logarithmic  S-barid  Righthand  Antenna 


Date^our 

1961 

1030 

1150 

1/Z\ 

62.3 

59.5 

7/^25 

59.5 

60.5 

\%k 

8/5 

55.0 

55,0 

56.0 

61.0 

55.8 

56.8 

8/5 

52.8 

55.8 

8/10 

51.9 

51.9 

y'p- 

54.9 

58.9 

VKk 

8/a2  - 

8/23 

8/^28 

8/29 

65.5 

65.5 

8/30 

67.5 

68.5 

8/^1 

68.5 

68.5 

9A 

66.7 

66.7 

9/7 

72.4 

75.4 

9/8 

62.9 

65.4 

9/9 

68.4 

68.4 

9/10 

66.5 

68.5 

1230 

1550 

1430 

1550 

55.5 

54.3 

55.5 

54.3 

55.5 

-- 

61.0 

64.0 

66,0 

66.0 

61.0 

63.0 

63.0 

68.0 

59.8 

60,8 

61.8 

63.8 

56.8 

58.8 

60.8 

49.9 

55.9 

50.9 

51  .-9 

58.9 

55.9 

54.9 

— 

63.5 

68.5 

64.5 

63.5 

64.5 

64.5 

67.5 

67.5 

64,5 

63.5 

66.5 

66.5 

65.5 

65.5 

67.7 

-- 

-- 

-- 

— 

-- 

tm  w 

73.4 

71.4 

-- 

73.4 

71.4 

73.4 

72.4 

72.4 

69.5 

69.5 

69,5 

69.5 

8/4 

S/5 

8/11' 


8/l8‘ 

8/25 

8/26 

9/1 

9/2 

9/8 

9/9 

9/15 

9/16 

9/22 

9/23 

9/29 

10/7 

10A3 

10/14 

10/20 

10/21 

10/27 

10/28 

11/5 

11/4 

11/10 

11/11 

nil 

1961 

1/12 

1/13 

iA9 

1/20 

1/26 

1/27 

2/2 

2/3 

2/9 

2/10 

2/16 

2/17 


63.5  64.0  64.0  65.0 

63.0  63.0  63.5  63.5 

No  Data — Equipment  Inoperative 


68.0  :  ,  64.5 


63.0 

66.0 

67.0 

62.0 

63.0 

64.0 

64.0 

66.5 

66.0 

65.0 

70.0 

69.5 

58.5 

60.0 

57.5 

63.5 

65.0 

65.0 

64.0 

65.0 

66.0 

68.0 

65.0 

66.0 

66. 0 

72.0 

75.0 

48.0 

51.0 

58.0 

58.5 

63.0 

66.5 

61.5 

63.5 

67.5 

71.5 

71.5 

71.5 

59.5 

61.0 

63.0 

65.5 

68.5 

70.0 

69.0 

70.5 

71.0 

55.5 

52.5 

55.5 

47.0 

48.0 

50.5 

50.0 

52.5 

51.5 

60.0 

60.0 

60.5 

60.5 

61.5 

63.0 

64.5 

64.5 

65.0 

52.0 

52.5 

52.5 

— 

— 

— 

59.5 

58.5 

58.5 

58.5 

59.5 

57.5 

56.5 

56,5 

55.5 

55.5 

55  .'5 

56.5  • 

57.5 

59.5 

61.5 

52.5 

54.5 

54.5 

59.5 

60.5 

61.5 

65.5 

66.5 

67.5 

59.5 

63.5 

62.5 

59.5 

61.5 

63.5 

64.0 

64.0 

60.0 

59.0 

§5*0 

... 

67.5 

6p.<5> 

66.5 

69:.0 

6#w6: 

57.5 

55.0 

63.0 

64.0 

65.5 

64.5 

.  6i:.5 

61.5 

601^0; 

74.0 

7#.^0/  '  . 

67.5 

61.0 

67.5 

65.5 

67.5 

63/5'  / 

tm  mm 

67.0 

■  •  V663K’ 

65.0 

71*^^- 

-- 

M*  M 

69^5- 

75.0 

'n.o 

'■  -  fmOir 

4- 

55.# 

«»  •• 

50^0 

49.0 

55v5 

■  — 

60,5 

'■  <  ’ ' f  f. 

59;  5 

64.5 

63.0 

65.0 

64.0 

,55.0 

-  ,  ,52:i.C^' if 

<  .  y  ^ 

51.5 

mm  mm 

58.5 

mm  mm 

59.5 

57.5 

31.5 

;55.;5' 

■  ■-  ''5^:?^', 

55.5 

55.5: 

57.5 

39.5  . 

56.5 

55.:5' 

55.5 

60.5 

59.5 

65.5 

65.5 

63.5 

6i..5  '  . 

62.5 

64i5 

S^i5'  • 

61.5 

jlipjy  I  III  1. 1,1  II .  V,mu  SJ^J-'A -J-'-TyUJ-JJ:  I '-'  — 


53. 


J-ogarithirilc  UHF  Center  Antenna 


Date/Hour 

1961 

1030 

1130 

1250 

1330 

1430 

1530 

2/25 

60.5 

64.5 

61.5 

63.5 

62.5 

61.5 

2/24  ■ 

56.5 

59.5 

60.5 

62.5 

60.5 

59.5 

3/2 

—  — 

«»  «• 

3/3 

3/^ 

61.5 

61.5 

64.5 

65.5 

64.5 

64.5 

3/10 

61.5 

62.5 

62.5 

63.5 

62.5 

61.5 

3/16 

62.5 

61.5 

60.5 

59.5 

59.5 

59.5 

3A7 

59.5 

59.5 

59.5 

59.5 

58.5 

59.5 

3A3  ■  ■ 

— 

— 

—  — 

56.5 

57.5 

3/24 

/■=sn 

56.5 

58.5 

56.5 

56.5 

56.5 

57.5 

p/p'j 

3/6i 

59.5 

59.5 

59.5 

61.5 

60.5 

60.5 

‘t/O 

4/7 

«•  «• 

4/13 

mm  «» 

4/14 

...  ' 

4Ao 

65.5 

63.5 

63.5 

61.5 

61.5 

62.5 

4/21 

65.5 

65.5 

65.5 

65.5 

62.5 

60.5 

4/27 

4/28 

58.5 

57.5 

57.5 

57.5 

57c5 

59.5 

5/4 

64.5 

63.5 

63.5 

64.5 

63.5 

64.5 

5/5 

67.5 

67.5 

67.5 

67.5 

67.5 

... 

5A1 

59.0 

61.0 

63.0 

65.0 

66.0 

66.0 

67.0 

63. 0 

70.0 

71.0 

69.0 

5A8 

56,0 

56.0 

55.0 

52.0 

54.0 

52.0 

5/19 

54.0 

55.0 

55.0 

55.0 

55.0 

5A5 

55.0 

56.0 

60.0 

59.0 

59.0 

53.0 

■ 

55.0 

55.0 

56.0 

56.0 

57.0 

6/2 

.  . 

_ . 

6/8 

65.5 

66.5 

66.5 

61.5 

67.5 

61.5 

6/9 
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Figure  2.  Elevation  Profile  of  the  Great  Circle  Path 


strength 


Figure  5 


Receiving  Antennas 


Figure  6.  Transiiu  tiers  —  (a)  TTU-IB 


Figure  9.  Median  Diversity.  Hourly  Samples. 

(Aug.,  Nov.,  Feb.,  May  I96O-6I) 


Figure  10.  Differenceo  in  Daily  Averages 

Aug.  i960  -  July  1961 


Figure  12.  Chronological  Record  of  Differences  In 

Excess  Propagation  Loss. 
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